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Human Research Program, NASA Glenn Research 
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ORION and ROCKY

Resistive Overload Combined with 
Kinetic Yo-yo (ROCKY) prototype



task and client

• box dimensions: 21''x13.5''x7.5''

• anthropometric variations require biomechanical adaptations 

• wider stance can reduce risk of musculoskeletal injuries 

• allows greater range of motion while performing exercises

ROCKY



NAME PROGRAM EXPERTISE

Sebastian Engelhardt IB Biomimicry Biology, Energy Systems,

Ruwani Kiringoda Arts&Sciences Biology major, CIA Design

Sarah McInerney IB Biomimicry Zoology, Education

Sara Oliveira Pedro Dos Santos Engineering Engineer, Marine Biology

Amanda Pinheiro Exercise Physiology Physiology

Sayed Cyrus Rezvanifar Biomedical Engineering Biomed, Biomechanics

Kelly Siman IB Biomimicry Aviation, Politics

Elena Stachew IB Biomimicry Polymer Science, Engineering



thematic 
research

visit to ZIN 
technologies

• exercise machines
• materials for spaceflight
• physiology
• soft materials

introduction

• basics in biomimetics
• exercise in microgravity
• basics in biomechanics
• tools and methods

concept
development

• task definition
• functional analogies
• role model research
• datasheets

translation to 
application

• design
• role model research
• prototyping
• testing

external 
experts

workflow scheme



thematic research



deployability

shape change

additional 
accessories

multifunctionality
adhesion

folding

recoil

one way 
adhesion

two way
adhesion

virtual reality

locking joint

suction

mechanism

box

wedge

yoga suit

stepper

resistant band

crutch

origami fold

handle bareuplectella

pinecone

reconnection

fun

mindfulness

bird wing

angler fish

honeycomb

beech leaves

euplectella

pine cone

fly

flower petals

DNA

butterfly

chameleon

gecko feet

burdock barbs

gecko tape

velcro

octopus

jaw

bird wing

angler fish

darkling beetle

receptor

project and theme overview



rope

• hierarchical structuring
• segmentation
• abrasion resistance –

coating
• abrasion resistance –

electricity and humidity 

box 
accessories

• surface adhesion
• extended surface 
• addition of accessories 

• handles
• exercise band

• program

projects



role models from biology



explored key functions with biological model(s) for initial exploration:

• surface adhesion
gecko, velcro

• extended surface
folding structures, leaves and flower petals, bird feathers, 
honeycomb, angler fish, insect wings

• addition of accessories 
• handles
• exercise band
human physiology

• program and virtual reality
psychology

accessories



adhesion



ACCESSORIES



ACCESSORIES



ACCESSORIES



ACCESSORIES



ACCESSORIES

adjustments to handholds

• versatility of grips and hand holds

• diversify exercise equipment

• allow for different exercises to be done



exercise program



exercise program



exercise program



rope

ARED on ISS
Provides bar and cable (rope) 
exercises and contains an inertial 
flywheel system to simulate the 
feel of 1-g free-weights
Deployed in January 2009 and 
continues to be in service today



rope failure modes



functional mapping

tension resistance

abrasion

low elasticity / elongation

sensing

low friction

modularity / segmenation

multilayer / hierarchical

self repair

natural fibre structures

human spine

anelids

fish fins

muscular hydrostats

hydrostatic skeletons

knee

sandfish skink

snake

toucan

wood

venus flower basket

muscles

bone

cells

hair

shoulder joint

earthworm

twizzlers
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explored 4 key functions with biological model(s) for initial exploration

• hierarchical and structural as it relates to core strengthening
natural fiber structures & wood fiber cell structure

• extend life of rope through modular replacement of most damaged area 
(segmentation) 
fish fins and shoulder joint

• abrasion resistance of rope 
sandfish skink for abrasion resistant coating or sheath 

• abrasion resistance of the surface (i.e. pulley, flywheel) 
earthworm

rope redesign



hierarchy

Twisted

Double 
Braided

Solid 
Braided

Hollow 
Braided 

Solid Braided Bamboo-Stem Inspired



segmentation



abrasion coating



abrasion prevention by lubrication



conclusion

• many interesting concepts generated

• task definition took a long time

• not enough time to do role model research

• good teamwork in interdisciplinary groups

• environment at UA allowed to call in external
advisors in different areas
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Henry Astley
ZIN Technologies, Justin Funk

ZIN Technologies


